We, therefore, illuminate how a prominent vascular disease can be distantly driven by cytokine dependent regulation of the bone marrow precursors.
Introduction
Abdominal Aortic Aneurysm (AAA) is a cardiovascular disease, which due to limited therapeutic options is a significant cause of death in the elderly population 1 . AAA is characterized by immune cell infiltration into the aortic wall and progressive degradation of the medial layer, resulting in the dilatation and rupture of the aorta, ultimately leading to fatal bleeding 2, 3, 4 . Since current standard of care for AAA is still limited to surgical interventions at the late stages, a better understanding of its mechanisms, particularly the inflammatory nature of this disease, is urgently needed. Various risk factors are associated with AAA pathogenesis, including elevated blood pressure that is mediated by the activation of the renin-angiotensin system (RAS) and an increase in Angiotensin II (Ang II). Long-term infusion of Ang II in mice is able to recapitulate many aspects of AAA in humans, as it induces AAA formation in the ascending aorta 5, 6 . In addition to regulating blood pressure, Ang II is known to control the function of various vascular wall cells predominantly through AT1a receptor (AT1aR) signaling 7, 8, 9, 10, 11, 12 .
Chronic inflammation caused by the infiltration of various immune cells is a key driver of AAA etiology and pathogenesis 2, 3, 4 . In particular, neutrophils and monocytes, which are bone marrow (BM) derived myeloid cells, play an important role in the initiation of aortic wall destruction 13, 14, 15, 16, 17 . Their output by hematopoietic stem and progenitors cells (HSPCs) in the BM can be influenced by environmental stimuli and stresses. During infections or inflammatory insult, a variety of cytokines and danger associated molecular patterns (DAMPs) stimulate HSPCs to rapidly increase the production of innate immune cells 18, 19, 20 . Although alterations in myelopoiesis have been reported to play a role in AAA progression 4, 16 , the key cytokine signaling factors that control HSPCs fate and myelopoiesis in AAA have yet to be determined. Hematopoietic stem cells (HSCs) were shown to express the Angiotensin II receptor, AT1aR and respond to elevated Ang II levels during cancer development 21 .
Furthermore, Ang II infusion promotes the expansion of murine HSPCs, suggesting that HSPCs may be affected during AAA pathogenesis characterized by elevated levels of Ang II 22 .
Interleukin (IL)-27 is a member of IL-6/IL-12 cytokine superfamily that regulates various hematopoietic and non-hematopoietic cells in infectious diseases and autoimmunity 23, 24, 25, 26, 27, 28 . Nevertheless, knowledge regarding the role of IL-27 in regulation of hematopoiesis in chronic inflammatory diseases remains limited. Moreover, the role of IL-27R signaling in AAA pathogenesis, inflammation and HSPCs homeostasis has yet to be investigated.
Here we found that inactivation of IL-27R protects mice from Ang II-induced AAA.
Mechanistically, we showed that IL-27R signaling is essential to drive Ang II-mediated HSPCs proliferation and myeloid differentiation. Our unexpected findings illustrate how IL-27 signaling acts distantly to control AAA development by cooperating with stress-induced factors in the bone marrow to accelerate stress myelopoiesis, promote the production of myeloid cells that are subsequently recruited to the aortic wall mediating its destruction.
Results

IL-27R signaling promotes Ang II-induced abdominal aortic aneurysm development
Inactivation of IL-27R exacerbates atherosclerosis 26, 27, 28 and leads to the development of abdominal aortic lesions which typically are rare in atherosclerotic mice. As atherosclerosis and AAA may share some underlying chronic inflammatory mechanisms 29 , we anticipated that IL-27R-deficiency would increase inflammation and promote AAA.
To evaluate the potential role of IL-27R signaling in AAA, we employed a well characterized mouse model of AAA driven by chronic Ang II infusion through a surgically implanted osmotic mini-pump (800 ng · kg −1 min −1 ) into mice on Apoe -/-background 5, 30 . To exclude any differences in genetics or microbiota, we used cage-mate and littermate controls. 
IL-27R signaling is required for the regulation of BM HSPCs during AAA development
Inflammation associated with infection and injury is also known to modulate output and mobilization of myeloid cells from the bone marrow 20 Figure 3D and data not shown). 
Il27ra
-/-mice (Fig 3B, C) . A mild increase in CD48 + CD150 -population in response to Ang II was found in controls, while Ang II-treated IL-27R deficient mice still displayed a reduction of these cells ( Figure 3B , C). Ang II infusion also decreased CMP and GMP in Apoe -/-Il27ra -/-( Figure 3D ).
Only a slight reduction of myeloid progenitors in the absence of IL-27R signaling was found in the spleen (data not shown). Figure 3E , F), while no difference in proliferation level was observed in PBS-infused mice (Supplemental Figure 3) . These data suggest that IL-27R signaling potentiates the proliferative effect of Ang II on HSPCs.
To evaluate the effect of IL-27R signaling on the clonogenic and differentiation capacities of HSPCs, we performed ex vivo colony formation assay. Lineage-depleted (Lin-) BM HSPCs were isolated from Apoe -/-Il27ra -/-and Apoe -/-Il27ra +/-mice after 4 weeks of Ang II infusion and cultured in M3434 media under myeloid differentiation conditions. We found that IL-27R deficient HSPCs showed a marked decrease in total numbers of colonies compared to IL-27R sufficient cells ( Figure 3G ). Our data suggest that IL-27R signaling potentiates the Ang IIinduced "stress" myelopoiesis during AAA development. Of note, IL-27R deficiency was previously reported to promote atherosclerosis in Apoe -/-mice 28 .
IL-27R deficient
Here we found that Ang II infusion into mice with already developed atherosclerosis (8 weeks of WD) strongly accelerated the disease in control, but not in IL-27R deficient mice (Supplemental Figure 5A- Figure 5A ). Gene set enrichment analysis using Ingenuity Pathway Analysis (IPA) of genes specific to Apoe -/-Il27ra -/-LT-HSCs revealed several significantly de-regulated pathways that had a common effect among all member genes (Supplemental Table 1 Collectively, these data suggest that HSPCs depends on IL-27R signaling to regulate the expression of p21 and other quiescence/proliferation regulators. Therefore, IL-27R signaling is required to control the balance between quiescence and cell-cycle entry in response to AngIIinduced myelopoiesis during AAA progression ( Figure 7 ).
Discussion
The function of IL-27R signaling was extensively investigated in various infectious models 23, 24, 25 , and an anti-inflammatory role IL-27R has been demonstrated in atherosclerosis 26, 27, 28 . Moreover, some of the IL-27R deficient mice employed in the atherosclerosis studies should also require an increased BM output in production of these cells, known as "stressinduced" BM myelopoiesis. The unifying regulators, required for the AAA development, vessel inflammation and 'stress myelopoiesis", however remained unknown. Ang II was shown to induce the mobilization of splenic monocytes, while splenectomy and subsequent reduction of circulating monocytes suppresses AAA development 16 . Moreover, Ang II was shown to act directly on HSCs in BM and induce their self-renewal and rapid amplification of myeloid progenitors with subsequent production of mature myeloid cells 22 . 
Implantation of Angiotensin II pumps
Ang II containing osmotic mini-pumps were prepared and implanted as previously described 5 .
Briefly, mice were anesthetized and osmotic mini-pumps (Alzet 2004) loaded with Angiotensin II (800ng/kg/min; Calbiochem) were surgically subcutaneously implanted in the mid-scapular area over the shoulder blade followed by closing the wound with clips. Abdominal aortic aneurysm formation was analyzed after 14 or 28 days of Angiotensin II infusion.
Blood pressure measurements
Systolic blood pressure was measured on conscious mice after 4 weeks after infusion of Ang II Immunofluorescence staining was performed as previously describe 27 . Briefly, 5-µm frozen sections of suprarenal aortas, containing abdominal aortic aneurysm, were fixed in cold acetone for 10 min at room temperature followed by fixation in 1% paraformaldehyde in 100mmol/L dibasic sodium phosphate containing 60 mmol/L lysine and 7 mmol/L sodium periodate at pH 7.4 on ice. After sections were blocked with avidin/biotin (Vector Laboratories, Burlingame, CA) for 10 min each, followed by blocking with 5% normal goat serum in 1% BSA in PBS for 15 min.
Sections were stained at 4 0 C overnight with primary rat anti-mouse CD11b-FITC (M1/80; BD Bioscience) and rat anti-mouse Ly6G-FITC (1A8; Biolegend) antibody, followed by staining with secondary antibody for 1 hour at room temperature: goat anti-FITC AlexaFluor 488 (Molecular Probes), goat anti-rat Alexa Fluor 568 (Molecular Probes). Sections were stained with DAPI and mounted with Prolong Gold (Life Technologies, Eugene, OR). Images were examined on Leica SP8 DM6000 confocal microscope using HCX PLADO 20x and 40x oil-immersion objectives at 488, and 563 nm excitation wavelengths.
Verhoeff-Van Gieson staining of elastic fibers
5-µm sections of suprarenal aortas (with or without AAA) were cut and staining of elastic fibers was performed. Frozen sections were hydrated followed by staining in Verhoeff's solution for 1h.
After slides were differentiated in 2% ferric chloride for 2 min and treated with 5% sodium Biolegend). Cell sorting was performed on FACS Aria II cell sorter (BD Bioscience).
Flow cytometry analysis of HSPCs
In vivo BrDU incorporation
Mice were injected i.p. with a single dose of BrDU (1mg/mouse) (BD Pharmigen) in sterile PBS.
Bones were harvested 4 hours after injection. 
Immunomagnetic isolation of HSPCs
HSPCs were isolated using Easy Sep Mouse Hematopoietic Progenitor Cell Isolation Kit 
Western Blot
Cell lysates of sorted HSPCs were separated by 4-12% Bis-Tris Protein Gels (Invitrogen) and transferred to PVDF transfer membranes (Invitrogen antibiotic (trimethoprim-sulfamethoxazole) for 2 weeks. 1 month after reconstitutuion, mice were placed on high fat diet "Western Diet" (WD) (Teklad 88137) for 8 weeks followed by AngII containing pump subcutaneous implantation. Mice were sacrificed 4 weeks after pump implantation. BM, spleen, blood, suprarenal aorta and arch were harvested and analyzed by FACS. The reconstitution efficiency was analyzed by FACS 4 weeks after BMT using CD45.1-APC (A20; eBioscience) and CD45.2-PerCP (104; Biolegend) antibody. 
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